We observed the mating pattern and social behaviour of the pipefish Corythoichthys haematopterus in temperate waters of Japan during three successive breeding seasons. Males cared for a clutch in their brood pouch for 9-19 days until hatching and had several broods in the season with nonbrooding intervals of only 1 or 2 days. The population sex ratio was female biased and some females were always excluded from reproduction. Although males were sometimes courted by unmated females together with their regular partners, they always mated with the latter. The pair bond was maintained until the next season if both members survived. When males lost their partners, they remated with neighbouring unmated females within a few days. In contrast, widowed females remained unmated for a long time. Females had larger home ranges and were more active in courtship displays than males. This pipefish provides the first example of sex role reversal among monogamous syngnathid fish. We suggest that mate guarding by females is a primary proximate factor for maintenance of monogamy in this fish.
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Sexual selection theory predicts that the relative parental investment (PI) by males and females in their offspring is a primary determinant of sexual selection intensity and patterns of courtship behaviour within species (Trivers 1972) . In the majority of animals, female investment in offspring exceeds that of males, and males are the predominant competitors for mates. In species where male investment exceeds that of females, the theory predicts that the reverse is true, that is, their sex roles are reversed.
However, PI is difficult to compare quantitatively between the sexes, because parental expenditures are often in different currencies such as time, energy and risk, which are rarely equivalent for males and females (Knapton 1984; Parker & Simmons 1996) . Emlen & Oring (1977) introduced the concept of the operational sex ratio (OSR: the relative number of sexually active males and females at a given time) as an empirical measure of the sex bias in reproduction. Clutton-Brock & Vincent (1991) also proposed using the potential reproductive rate (PRR), which is closely related to OSR, as a measure for predicting the direction of mating competition. The PRR was defined as the maximum number of independent offspring that a given sex can produce per unit time, averaged across all individuals and conditions. More recent works have incorporated the OSR and PRR in a theoretical framework that includes the concepts 'time in' (an adult is capable of mating if it has access to a receptive partner) and 'time out' (it is not capable of mating) (Clutton-Brock & Parker 1992; Parker & Simmons 1996) . The usefulness of these concepts has been tested in empirical studies on syngnathid fish (Vincent 1994a, b; Vincent et al. 1994; Masonjones & Lewis 2000) . Syngnathid fish (seahorses and pipefish), which include both role-reversed and 'conventional' role species, have been particularly useful in examining which factors are responsible for the control of sexual selection.
In syngnathids, males care for broods in their brood pouch or on their ventral surface (Herald 1959; Dawson 1977) . Mating patterns in this group vary considerably: some pipefish are simultaneously or sequentially polygamous (Berglund et al. 1988; Rosenqvist 1993; Jones & Avise 1997a, b) but other pipefish and all seahorses so far investigated are monogamous (Gronell 1984; Vincent et al. 1992; Vincent & Sadler 1995; Masonjones & Lewis 1996; Jones et al. 1998) . Formerly, sex role reversal was thought to be typical of syngnathids, irrespective of their mating patterns (Williams 1975; Trivers 1985) , because the highly specialized male pregnancy is expected to depress the male PRR below that of females. However, recent studies have documented that in monogamous pipefish and seahorses, intrasexual competition is more intense among males than among females and/or males are more active in courtship displays, suggesting that their sex roles are not reversed (Gronell 1984; Vincent 1994a, b ; Masonjones & Lewis 1996; Watanabe et al.
